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ABSTRACT
Objective: The treatment and the angular deviations tolerated in 
diaphyseal forearm fractures in children evoke divergent opinions 
in literature. In view of this controversy, we idealized this study to 
evaluate the preferred treatment methods for this injury, during 
the 39th Brazilian Congress on Orthopedics and Traumatology. 
Methods: A total 759 questionnaires were answered (13% of 
total entrants). We addressed the general aspects of the study 
sample to obtain a profile of the orthopedic surgeons questioned. 
Results: Two clinical subjects were presented, aged 12 (CASE 1) 
and 5 years old (CASE 2), along with radiographs depicting fore-
arm diaphyseal fractures of these patients. Data was gathered 
and submitted to statistical analysis. The overall preferred treat-
ment in CASE 1 was closed reduction and fixation with Kirschner 
wires (26%), while in case 2 it was closed reduction followed by 
plaster cast (46%). Conclusion: Among orthopedic surgeons less 
than 30 years old, the choice for less invasive treatments and 
greater acceptance of angular values prevailed in both cases. 
The traumatologists accepted lower angular values and tended 
towards more invasive treatments, particularly for CASE 2. On 
the other hand, the pediatric orthopedic surgeon prefers less 
invasive treatments and accepts greater angular deviations.
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INTRODUCTION
Forearm fractures are the most prevalent in childhood and ado-
lescence and correspond to between 30% and 50% of all lesions 
that affect the immature skeleton.
According to literature, adequate closed reduction maintained with 
effective plaster cast immobilization prevails as the best therapeu-
tic option, particularly in patients under 10 years of age, due to the 
notable potential for bone remodeling.1,2 Although this method is 
applied to most fractures, a preoccupying rate of complications 
is reported, including: loss of reduction (7 to 13 %),1,3-5 particularly 
in the two first weeks after trauma; defective consolidation and 
consequent function limitation of the affected limb.3
The guidelines of the surgical treatment still give rise to discussion, 
as the choice of patient, type of fracture, indication of operating 
method, availability of synthesis materials and experience of the 
surgeon should be carefully considered. Surgical treatments are 
classically indicated for: exposed fractures; association with neu-
rovascular lesion; floating elbow; pathological fractures; angular 
deviation above 20°; failure of closed treatment; and when ap-
proaching skeletal maturity.6 However, we verified a tendency for the 
choice of operating methods in the last 15 years, where the use of 
intramedullary Kirschner wires corresponds to the main osteosyn-
thesis option1,2,4-13 and, more recently, titanium elastic nails.8,14,15
This rational technique offers potentially good results accord-
ing to international literature.1-5,7,8,11 The controversy relating to 
the therapeutic option is particularly pronounced in borderline 
situations. As there are no national studies demonstrating the 
therapeutic approach of orthopedists toward diaphyseal forearm 
fractures, we prepared this study aiming to evaluate 2 distinct 
clinical situations. Through a questionnaire, we intend to demon-
strate the therapeutic options chosen for each case and to evalu-
ate how much deviation is tolerated for the treatment indication.
MATERIAL AND METHODS
This work was initially sent for examination by the Institutional 
Review Board (IRB) of our institution and was approved. We 
prepared a questionnaire that was applied to the participants of 
the 39th Brazilian Orthopedics and Traumatology Congress, at 
random, without obligation and without identification. Foreigners, 
residents, undergraduates and professionals from other areas 
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that took part in the survey were disregarded for the study pur-
poses. We obtained a significant sample, with 759 orthopedists, 
which corresponded to 13.8% of the 5500 participants of the 
39th Brazilian Orthopedics and Traumatology Congress. The 
questionnaire was composed of two parts (Figure 1):
1st – Information on the interviewee: age; gender; nationality (city/
state); medical specialty; orthopedic sub-specialty; whether he or 
she is a member of any education and training service; estimate 
of fractures treated per month; how he or she obtains scientific 
updates; which implants are available in his or her service.
2nd – Presentation of two clinical cases of patients with deviated 
simple trait fractures of the two bones of the forearm, the first in 
a 12-year-old and the other in a 5-year-old individual.
a.  The interviewee evaluated had access to the x-ray photos, 
in the anterior and lateral positions of the fractured forearm, 
with the respective ages of the patients; the therapeutic pos-
sibilities should be distinguished among the following options: 
plaster cast immobilization without reduction; closed reduction 
followed by immobilization; or open reduction.
b.  To maintain the reduction, they opted among: fixation with 
Kirschner wires, titanium elastic nail or plate and screws.
c.  With regard to the tolerable angulation to indicate the conser-
vative treatment for fractures in anterior-posterior and lateral 
planes, these marked one of the options: no angulation is ac-
ceptable; up to 5º; 5º to 10º; 10º to 15º; or higher than 15º.
For statistical purposes, we distributed the ages in the following 
age groups: under 30 years; 31 to 40 years; 41 to 50 years; and 
over 50 years. The cities of origin were grouped according to 
the geographical regions (Southeast, Northeast, South, Midwest 
and North). As regards the title of specialist, we divided the in-
terviewees into the following categories: no title, with title up to 
5 years; from 5 to 10 years; and over 10 years.
Initially all the variables were analyzed descriptively. For the qualita-
tive variables we calculated the absolute and relative frequencies. 
Thus our sample consists of 95% male and 5% female individuals, 
with predominance of participants in the age bracket between 31 
and 40 years (32%), and with 64% coming from the southeast re-
gion. In relation to age we observed: 25.29% individuals under 30 
years of age, 20.95% between 41 and 50 and 20.82% over 50. As 
regards nationality, 14.36% are from the Northeast region, 10.41% 
from the Southern region, 5.93% from the Midwest region and 5.4% 
from the Northern region. As regards the title of specialist, 34% ob-
tained their title more than 10 years ago, 22.92% up to 5 years ago 
and 15.94% from 5 to 10 years ago, while 25.3% reported not having 
a title. Distribution in relation to orthopedic subspecialties was as 
follows: knee (15%), trauma (11%), hand (9%), pediatric (9%), foot 
and ankle (4.22%), spine (2.51%), sports (1.84%), shoulder and 
elbow (5.27%), osteometabolic (1.45%), hip (4.48%), external fixer 
(1.84%), and tumor (0.93%), while 28.98% do not work in orthopedic 
subspecialties and 4.61% marked more than one option. Of the 
total interviewees, 53% work in services accredited by the Brazilian 
Society of Orthopedics and Traumatology for education and training 
of residents. As regards the estimated number of treated forearm 
fractures, 46% deal with more than 5 cases monthly, 24% from 1 to 
2 cases, 24% from 3 to 5 cases; and 4.74% do not treat this ailment. 
The knowledge update sources verified are: conferences (71%), 
books (63%), magazines (60%), courses (51%) and the Internet 
(52%). As regards osteosynthesis materials available in their services 
of origin, 98% have access to Kirschner wires and 95% to the plates 
and screws, while only 46% have access to the titanium nails.
RESULTS
The results obtained for CASE 1, considering the type of treat-
ment among the interviewees, are set out in Table 1, according 
to the therapeutic methods, absolute frequency and respective 
percentages (%). The data relating to the anterior-posterior and 
varus/valgus deviations are expressed in Tables 2 and 3.
The results obtained for CASE 2 considering the type of treat-
ment among the interviewees are set out in Table 4 according 
to the therapeutic methods, absolute frequency and respective 
percentage (%). The data relating to the anterior-posterior and 
varus/valgus deviations are expressed in Tables 5 and 6.
The statistical analysis was carried out by a professional special-
ized in this area. The chi-squared test1 and Fisher’s exact test1 
were used to test homogeneity among proportions, and the signifi-
cance level was 5%. In this manner, separating the sample into age 
groups and subspecialties, we obtained the following results.
Statistical analysis for CASE 1
Between 20 and 30 years of age, the main therapeutic choice is 
closed reduction and fixation with Kirchner wires (35.94%). In the age 
brackets between 41 and 50 years and over 50, there is a predilection 
for open reduction and fixation with Kirschner wires, corresponding 
respectively to 30.19% and 27.22% of the sample. Between the ages 
of 31 and 40 years, two kinds of therapy (open reduction followed by 
fixation with plates and screws and closed reduction associated with 
fixation with Kirschner wires) obtained 24.8%.
Distinguishing by subspecialty, traumatologists demonstrate a 
preference for open reduction and fixation with Kirschner wires 
(26.58%), while pediatric orthopedists opt for closed reduction Figure 1 – Cases presented
12 years
CASE 1
5 years
CASE 2
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Table 2 – Distribution of the absolute frequency and percentage (%) of ortho-
pedists in relation to acceptance of the anterior-posterior angular deviation 
for indication of treatment in Case 1.
ANTERIOR-POSTERIOR 
DEVIATION
ABSOLUTE FREQUENCY PERCENTAGE (%)
0º 145 19.10
UP TO 5º 254 33.46
5 TO 10º 277 36.50
10 TO 15º 83 10.94
> 15º 0 0.00
Table 1 – Distribution of absolute frequency and percentage (%) of ortho-
pedists in relation to the therapeutic option for Case 1.
TREATMENT OPTIONS
ABSOLUTE 
FREQUENCY
PERCENTAGE 
(%)
Plaster cast immobilization without reduction 6 0.79
Open Reduction + Fixation with Kirschner wires 167 22.00
Open Reduction + Fixation with titanium nail 64 8.43
Open Reduction + Fixation with plate and screws 163 21.48
Closed Reduction + Fixation with Kirschner wires 198 26.09
Closed Reduction + Fixation with titanium nail 59 7.77
Closed Reduction + plaster 102 13.44
Table 6 – Distribution of the absolute frequency and percentage (%) of 
orthopedists in relation to acceptance of the varus/valgus angular devia-
tion for indication of treatment in Case 2.
VARUS/VALGUS 
DEVIATION
ABSOLUTE FREQUENCY PERCENTAGE (%)
0º 134 17.65
UP TO 5º 257 33.86
5 TO 10º 215 28.33
10 TO 15º 94 12.38
> 15º 59 7.78
Table 5 – Distribution of the absolute frequency and percentage (%) of 
orthopedists in relation to acceptance of the anterior-posterior angular 
deviation for indication of treatment in Case 2.
ANTERIOR-POSTERIOR 
DEVIATION
ABSOLUTE FREQUENCY PERCENTAGE (%)
0º 53 6.98
UP TO 5º 157 20.68
5 TO 10º 294 38.74
10 TO 15º 163 21.48
> 15º 92 12.12
Table 4 – Distribution of the absolute frequency and percentage (%) of 
orthopedists in relation to the therapeutic option in Case 2. 
TREATMENT OPTIONS
ABSOLUTE 
FREQUENCY
PERCENTAGE 
(%)
Plaster cast immobilization without reduction 75 9.88
Closed Reduction + plaster cast immobilization 349 45.98
Closed Reduction + Fixation with Kirschner wires 169 22.27
Closed Reduction + Fixation with titanium nail 26 3.42
Open Reduction + Fixation with Kirschner wire 106 13.97
Open Reduction + Fixation with titanium nail 21 2.77
Open Reduction + Fixation with plate and screws 13 1.71
Table 3 – Distribution of the absolute frequency and percentage (%) of 
orthopedists in relation to acceptance of the varus/valgus angular devia-
tion for indication of treatment in Case 1.
VARUS/VALGUS 
DEVIATION
ABSOLUTE FREQUENCY PERCENTAGE (%)
0º 274 36.10
UP TO 5º 297 39.13
5 TO 10º 148 19.50
10 TO 15º 38 5.00
> 15º 2 0.27
associated with Kirschner wires (25.71%). In the other subspe-
cialties considered as a whole, the prevalent treatment is open 
reduction and stabilization with plates and screws (24.36%).
We observed acceptance of anterior-posterior deviation (AP) from 
5º to 10º according to the grouping in age brackets: 20 to 30 years 
(43.75%); 31 to 40 years (39.2%); and over 50 years (34.81%). 
The age group from 41 to 50 years accepts deviations up to 5º 
(36.48%). Only traumatologists differ from the other orthopedists, 
accepting AP deviations < 5º (43.04%). The pediatric orthope-
dists and the others accept AP deviations between 5º and 10º in 
38.57% and 36.92% respectively. The acceptance of varus/valgus 
(VV) deviation among orthopedists from 20 to 30 years of age was: 
< 5º (34.9%) and 5º to 10º (33.33%). Between the ages of 31 and 
40 years, most accept deviations < 5º (40.8%) or do not accept 
deviation (35.2%). Between the ages of 41 and 50 years, most do 
not accept deviation (47.8%) or accept it up to 5º (35.85%). Over 
the age of 50 years, 44.94% accept up to 5º of angulation and 
36.71% do not accept deviations. Considering orthopedic subspe-
cialties there was a dichotomy: the majority of orthopedists without 
subspecialty and those specialized in trauma do not accept VV 
deviations (37.73% and 51.9%); pediatric orthopedists and other 
specialists accept up to 5º of angulation (51.43% and 42.31%).
Statistical analysis for CASE 2
Most of the interviewees opt for treatment with plaster cast im-
mobilization preceded by closed reduction, regardless of the 
surgeon’s length of experience: 20 to 30 years (60.42%), 31 to 40 
years (42.4%), 41 to 50 years (33.96%) and > 50 years (46.2%). 
There is also statistical significance through treatment with closed 
reduction and fixation with Kirschner wires in the age groups 31 
to 40 (24.8%) and 41 to 50 years (29.56%).
In the division by specialties, the majority opts for closed reduc-
tion followed by plaster cast application: pediatric orthopedists 
(55.71%), traumatologists (41.77%), no subspecialty (47.73%) 
and others (44.10%).
Acceptance of the AP deviation is uniform, with predominance 
<10º at all ages. Only the youngest group had a significant portion 
(31.77%) accepting deviations between 10º and 15º. For the AP de-
viation irrespective of the subspecialty of the interviewee, most ac-
cept angulation between 5º and 10º. Only the pediatric orthopedists 
accept deviations > 15º (27.14%). As regards VV deviations, the 
lower age brackets (20 to 30 and 31 to 40 years) tolerate deviations 
between 5º and 10º (32.29% and 32.8% respectively), while the 
most experienced (between 41 and 50 and over 50 years) accept 
up to 5º (40.88% and 43.67% respectively). Most trauma specialists 
do not accept VV deviations (34.18%); while pediatric orthopedists 
(38.57%) and the others (38.72%) tolerate deviations up to 5º.
38
REFERENCEs
Bhatia M, Housden PH. Re-displacement of paediatric forearm fractures: role of 1. 
plaster moulding and padding. Int J Care Injured. 2006;37:259-68.
Ploegmakers JJ, Verheyen CC. Acceptance of angulation in the  non-operative treat-2. 
ment of paediatric forearm fractures. J Pediatr Orthop B. 2006;15:428-32.
Altay M, Aktekin CN, Ozkurt B, Birinci B, Ozturk AM, Tabak AY. Intramedullary wire 3. 
fixation for unstable forearm fractures in children. Injury. 2006;37:966-73.
Rodríguez-Merchán C. Pediatric fractures of the forearm. Clin Orthop Relat Res. 4. 
2005;(432):65-72.
Bochang C, Jie Y, Zhigang W, Weigl D, Bar-On E, Katz K.. Immobilization of forearm frac-5. 
tures in children: extended versus flexed elbow. J Bone Joint Surg Br. 2005;87:994-6. 
Kucukkaya M, Kabukcuoglu Y, Tezer M, Eren T, Kuzgun U. The application of open 6. 
intramedullary fixation in the treatment of paediatric radial and ulnar shaft fractures. 
J Orthop Trauma. 2002;16:340-4.
Bhaskar AR, Roberts JA. Treatment of unstable fractures of the forearm in children. 7. 
Is plating of a single bone adequate? J Bone Joint Surg Br. 2001;83:253-8.
Calder PR, Achan P, Barry M. Diaphyseal forearm fractures in children treated with 8. 
intramedullary fixation: outcome on k-wire versus elastic stable intramedullary nail. 
Int J Care Injured. 2003;34:278-82.
Jubel A, Andermahr J, Isenberg J, Issavand A, Prokop A, Rehm KE. Outcomes 9. 
and complications of elastic stable intramedullary nailing for forearm fractures in 
children. J Pediatr Orthop B. 2005;14:375-80.
Böstman O, Rokkanen P. The management of diaphyseal fractures of the long 10. 
bones in Finland: a nation-wide survey. Ann Chir Gynaecol. 1986;75:333-6.
Amit Y, Salai M, Chechik A, Blankstein A, Horoszowski H. Closing intramedullary 11. 
nailing for the treatment of diaphyseal forearm fractures in adolescence: a prelimi-
nary report. J Pediatr Orthop. 1985;5:143-6. 
Choi KY, Chan WS, Lam TP, Cheng JC. Percutaneous kirschner - wire pinning 12. 
for severely displaced distal radial fractures in children. J Bone Joint Surg Br. 
1995;77:797-801.
Cullen MC, Roy DR, Giza E, Crawford AH. Complications of intramedullary fixation 13. 
of pediatric forearm fractures. J Pediatr Orthop. 1998;18:14-21. 
Lascombes P, Haumont T, Journeau P. Use and abuse of flexible intramedullary 14. 
nailing in children and adolescents. J Pediatr Orthop. 2006;26:827-34.
Berger P, De Graaf JS, Leemans R. The use of elastic intramedullary nailing in the 15. 
stabilisation of paediatric fractures. Int J Care Injured. 2005;36:1217-20.
Yung PS, Lam CY, Ng BK, Lam TP, Cheng JC.16.  Percutaneous transphyseal intrame-
dullary Kirschner wire pinning: a safe and effective procedure for treatment of dis-
placed diaphyseal forearm fracture in children. J Pediatr Orthop. 2004;24:7–12.
Beaty JH, Kasser JR, editors . Rockwood and Wilkins Fraturas em crianças. Tradu-17. 
ção de Mirtes Frange de Oliveira Pinheiro. 5ª ed. São Paulo: Manole; 2006.
Acta Ortop Bras. 2010; 18(1):39-43Acta Ortop Bras. 2010; 18(1):35-8
DISCUSSION
The treatment of forearm fractures in childhood still gives rise to 
controversy among authors even though the therapeutic system-
atization is based on the countless papers published in orthopedic 
literature. In a survey conducted in the Medline database (2000 to 
2008) we found 180 articles related to the prevention, diagnosis 
and treatment of this condition. Nevertheless, there are no sci-
entific elements that demonstrate the training profile of Brazilian 
orthopedists with regard to the treatment of it. We found only 2 pa-
pers with a similar proposal,2,10 whose studies were carried out at 
centers with characteristics that differ from the Brazilian situation.
Technically, the method of choice for the stabilization of dia-
physeal forearm fractures in childhood depends mainly on the 
degree of initial deviation and on the patient’s age.4 The aim 
is always to restore the function of the affected limb within or-
thopedic precepts of alignment and stability, regardless of the 
therapeutic method chosen.
The closed treatment of this fracture has been applied since time 
immemorial, and its principles are still maintained today for the 
majority of fractures in children under the age of 8-10 years,3,6,15 
as the high potential for bone remodeling in this age bracket is 
helpful to the therapeutics.4
In this study, we observed that most of the orthopedists evalu-
ated opt for closed reduction followed by the application of a 
plaster cast as seen in CASE 2, in which the patient is 5 years 
old. In CASE 1, on the other hand, there is preference for closed 
reduction and percutaneous fixation with Kirschner wires. Gener-
ally speaking, this data corroborates what it is heralded by most 
authors in relation to the therapeutics.4,16,17
For both cases, the majority considered varus/valgus deviation 
> 5o and anterior-posterior deviation > 10o unacceptable. There 
is no consensus the regarding the acceptable limits by the or-
thogonal evaluation of angulations by x-rays. Many consider 
that deviations < 20o have remodeling potential under the age 
of 8 - 10 years. Nowadays, there is a tendency for acceptance 
of lower deviations, particularly over the age of 9 years, where 
angulations above 10o are habitually not tolerated due to the 
proximity of skeletal maturity and the diminishment of the bone 
remodeling potential of deviations.
In our survey we observed considerable variability in the choice 
of treatment method and in the angulation accepted to indicate 
the therapeutics among the different groups of orthopedists 
evaluated. The younger ones indicate less invasive treatments, 
preferring closed reduction for both situations presented, and 
accept greater deviations. In our opinion, it is possible that this 
fact reflects the recent change of osteosynthesis concepts where 
we sought adequate alignment considering the preservation of 
the biological aspect following the opinion of most studies pub-
lished in the last few years that defend the techniques of indirect 
reduction and percutaneous fixation.3,8,9,14,15
As regards subspecialties, we noticed that the pediatric orthope-
dists indicate less invasive treatments regardless of the case. It is 
the only group in which there is predominance of the indication of 
immobilization without reduction for CASE 2. In this subspecialty 
there is acceptance of greater angular deviations for CASE 2 than 
in the other groups evaluated. We also verified that the trauma-
tologists accept lower angular deviations regardless of the case 
presented. Those belonging to the other subspecialties indicate 
the more aggressive treatments for CASE 1, preferring osteosyn-
thesis with plates and screws preceded by open reduction.
We believe that the pediatric orthopedist, more used to apply-
ing the concepts involved in the process and the remodeling 
capacity of immature bone, more frequently indicates the less 
invasive treatment for forearm fractures, expecting this to lead to 
the spontaneous correction of angular deviations.
In view of the data obtained, we observed that there is no ho-
mogeneity of conduct among Brazilian orthopedists, in spite 
of the general treatment guidelines defended by international 
literature.1,3-5,7,8,11 It is possible that factors such as: change of 
osteosynthesis concepts, improvement of anesthetic techniques, 
technical knowledge and personal experience of the assistant 
physician, play a crucial role in the characterization of heteroge-
neity observed in our sample.
CONCLUSION
The treatment of forearm fractures continues controversial and 
determines a difference of opinion among Brazilian orthopedists. 
Statistically, younger physicians and those specialized in Pediatric 
Orthopedics, accept a greater angular deviation to indicate the 
conservative treatment and apply the less invasive therapeutics.
